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Cyclizations of bicyclic amides via an intramolecular Heck reaction followed by an oxidation reaction generate tricyclic spirocyclohexadienones
From these compounds, tetracyclic ketones can be synthesized to provide useful intermediates for the synthesis of indole alkaloids.

Indole alkaloids are an important class of natural products to synthesize this skeleton based on the chemistry of free
especially as many members of this family display a wide radicals, of tandem radical cyclizatidnef palladium—
range of biological activities. These properties include catalyzed asymmetric allylic substitutirof skeletal re-
antitumor! adrenergic blocking,and glycine antagonist  arrangement of a 3-chloroindolenifef an intramolecular
activities. Such alkaloids are exemplified by strychnine
tubifoline 2, aspidospermine3a’® vindoline 4 and the
clinically used anticancer drug agents vinblastieand
vincristine6, which are produced in extremely small quanti-

N N
ties in the planVinca rosea(Figure 1)° s
The [6.5.6.5] ABCE ring systemis the common scaffold | N N
of indole alkaloids. Several approaches have been developed = " . MR
{-)-Strychinne 2 {-)-Tubifoline 3a Aspidospermine : R'=OMe, R%=Ac

3b Aspidospermidine : R'=H, R?%=H
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Diels—Alder reactior?, of catalyzed polycyclizatiot or of
tandem Mannich condensation followed by a [3,3]-sigma- tpe 1. Heck Cyclizations ofl0

tropic rearrangement. M\
Thg indole a]kalmds @splay a spiro quaternary carpon. a) Pd,dbas,dppe, o_ 0
The incorporation of this quaternary center is the critical PMP, DMA, 110 °C ‘
element in the total synthesis of indole-type alkaloids. We 10 or >
previously reported the use of an intramolecular Heck b) Pdydba O
reaction as an alternative for creating the spiro quaternary NEts, DMZA’ 1a0°c R N o
center of the Amaryllidaceae galanthamine-t¢@nd mar- R R
itidine-type- alkaloids. 13
In our synthetic pathway, we planned to use an intramo- a) Heck conditions ; b) Ligand Free Heck conditions

lecular Heck reaction to access spirotricyclic dienoBgs
which can provide the tetracyclic ketor@as key intermedi-
ates in the synthesis of indole alkaloids and their analogues

Heck yield* Heck free
precursor R! R2 R3 products (%) yield® (%)

(Scheme 1). The intramolecular Heck reaction has rarely been 102 H ~H H  13a 52 92
10b OMe H H  13b 88 87

10c H OMe H  13c 94 86

10d H OMe Boc 13d 96 nd®

Scheme 1. Retrosynthesis of Ketone®s 10e H OMe Me 13e 80 nd®

a|solated yield after column chromatograpiynot determined.
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R N ° O R N0 1). Under “ligand-free” conditions the yield df3a was
R? R R 16 23 0 R? RS i : . X

greatly increased (92%) while the yield @Bb remained
unchanged and the yield af3c decreased (Table 1).

After hydrolysis of the dioxolane group of3 with
hydrochloric acid and protection of the amide function with
Boc,O, oxidation of then,3-unsaturated ketone function of
the resulting product4 to the corresponding dienoné$s
was accomplished by using selenium dioxide and acetic acid
in '‘BUOH. The amine function was then reprotected with
Boc group to give compoundsa—c (Table 2).

8 9 10

applied to anilides to access spirodihydroquinoloviekhe
diastereoselective construction of the common [6.5.6.5]
ABCE scaffold8 started with acidl1'® and anilines12®
which were coupled to furnish the corresponding anilides
10in satisfactory yields (Scheme 2).

Scheme 2. Synthesis of the Anilide40 Table 2. Synthesis of the Spirodienon8s

o]
COH | 2-chioro-1-methyl- | 0/>
pyridinium, NEt;, wo a) HCl 1 N THF, ¢) Se0,, AcOH, ‘
—_——
- \H i N 3___0Cc __tBuOH,
2 CH,Cly, 55 °C ) ") Boc,0, NEts, Boczo NEt3
oo R? R? R® 100 °C
CHQCIQ oc R1 N" 0

2 R3

12a: R'= H; R%=H 10a: R%=H (91%) R?
" 12b: R'=0OMe; R2=H 10b; R®=H (79%) Boc
s R =OMe; R°= : R®= b Boc,0, NEt, 3 Boc;0, NEt,
12¢: R'=H; R*=OMe 10¢: R®=H (80%) 4-DMAP, ° I: iy F_)l o‘f-zDMAp,a
CHaCly, 20 °C 9, R¥=Boc CH,Cly, 20 °C
10d : R®= Boc (81%)
NaH,
10e : R?= Me (86% CH40),80;,
¢ o (86%) (T;_?,:,)(z) ecz precursor product overall yield (%)
13a: R'=R2=H 9a 62
13b: R!=0OMe; R2=H 9b 58
Heck cyclizations oflOwere accomplished in the presence  13¢: R! = H; R2 = OMe 9¢c 68
or absence of phosphine ligands in dimethylacetamide (Table
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precursors, we next turned our attention to the crucial lactam
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(8) (a) Dounay, A. B.; Overman, L. E.; Wrobleski, A. D. Am. Chem. M. E.; Xu, F.J. Org. Chem1993,58, 7490.
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opening. Previous attempts at such conversions have beemlkaloid families was the reduction of the pentacyclic amide
unsuccessful”’ However, in our hands reaction of anilides function. This reduction can be accomplished after depro-
9 with different primary amines provided the corresponding tection of the aniline function o23 and protection of the
mixtures of tricyclic compoundsl6—19 by a Michael ketone by a dioxolane group to yie#t. The deprotection
addition and tetracyclic compound¥)—23 by a double of the aniline was realized before the protection of the ketone
Michael addition. These mixtures were subjected to basic function to optimize the yield (Scheme 3).

cyclization in the presence of sodium hydride or sodium
hydroxide to yield only the tetracyclic produ@8—23 (Table

3). Compounds20—23 are interesting scaffolds for the Scheme 3
O Bn Bn
a) TFA, z N? 3
CH,Cly, 1t ¢} LIAH,, THF, : é i
B — o .. o]
. . Ethyl 60°C
Table 3. Preparation of Tetracyclic Compoung@6—23 Do R0 N o) TN o
APTS, Na;504, 24a:76% 25a:78%
Toluene, 140 °C o 2on - 589 d) Raney Ni,
24c : 67% 25¢:77% EtO}-'{-lzéo .
NH NH
€) HCI 35%,
= 0
- MeOH o
1 . o) 1 .
S 2 Sy b@
8a: R1=R2=H (52%) oo o
8b: R'=OMe, R2=H (32%) 26c 1 58%

8¢ : R'=H, R2=0Me (46%)

Finally, the amide functions df4a—cwere reduced with
lithium aluminum hydride to afford the corresponding amines
25, which were subsequently subjected to N-debenzylation

precursor products yield (%)
and deprotection of the ketone. CompouBds-c were thus
9a: Ri=R‘=H z(l)a’ gi - gle gg obtained in satisfactory yields.
22:’ Rt _ BE 48 In summary, we have developed an efficient and diaste-
23a: RY=Bn 79 reoselective methodology that enables the construction of a
9b: R!=OMe; R2=H 20b, R* = Me 66 large series of tetracyclic indolino derivativé®—23, 25,
21b, R* =Et 27 and 8, which correspond to the cores of tAepidosperma
22b, R* = Bu 30 and Strychnosalkaloids as well as their analogues. The
23b, R* = Bn 73 approach is based on two key steps: an intramolecular Heck
9c: R'=H; R*=OMe 20c, Ri =Me 74 cyclization applied to anilides and a lactam operiijchael
;;2 34 z gi gi addition reaction. Current efforts are now directed toward
23c: R'=Bn 70 developing an enantioselective version and application to the

synthesis of natural indole alkaloids.
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